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Introduction
Subarachnoid hemorrhage (SAH) is normally due to intracranial lesions, mostly aneurysms or vascular malformations. In up to 15% of all spontaneous subarachnoid hemorrhages, there is no evidence of an intracranial vascular pathology [1] . Recently published data showed increasing numbers of patients with non-aneurysmal SAH (NASAH) [2] . The evaluation of patients with subarachnoid hemorrhage with negative digital subtraction angiography (DSA) is therefore important and furthermore sometimes a diagnostic challenge.
Among patients suffering from SAH, non-aneurysmal (perimesencephalic (PM) and nonperimesencephalic (NPM)) SAH seems to have better prognosis compared to aneurysm related SAH. Nonetheless, patients with a NPM-SAH have an increased risk of a worse neurological outcome and should be monitored closely [3, 4] . Additional investigations to definitively detect an intracranial cause of the hemorrhage and to assess the course of the disease, treatment options and prognosis, such as repeat digital subtraction angiography (DSA) or CT angiography (CT-A), are especially recommended in NPM-SAH patients [5] [6] [7] [8] [9] .
The causes of NASAH are potentially diverse, and the exact pathogenic mechanism of bleeding in these cases is often not identified. As possible explanations, vascular malformations, ruptured aneurysms of perforating arteries or small venous anomalies, atypical venous drainage patterns, basilar artery dissection, trauma, influence of antithrombotic medication and a case of a spinal vascular malformation, have been described [2, 8, 10, 11, 12, 13, 14] .
Among above-mentioned bleeding sources SAH following trauma is presented with an incidence of 15-40% of severe head injuries [15] .
Traumatic spinal subarachnoid hemorrhage (SSAH) is very rare. Most cases occur as a complication of spinal procedures such as spinal anesthesia and are often associated with blood coagulation abnormalities, such as anticoagulation therapy or thrombocytopenia [16] .
SAH due to spinal lesions occurs in less than 1% [17] and is mostly a consequence of a spinal tumor or arteriovenous malformation (AVM) [18, 19] . There is however little systematic literature data concerning the incidence and type of spinal lesions responsible for SAH.
The aim of this study was to reassess the yield of standard MR-imaging of the complete spinal axis to rule out spinal masses in non traumatic SAH patients without a cranial bleeding source. Additionally, the incidence and detection rate of MRI was calculated using additional important clinical factors and different hemorrhage patterns depending on location of subarachnoid blood on the initial CT-scan differentiating between PM-and NPM-(Fisher Grade: stratified between Fisher 3 and non-Fisher 3 blood pattern) NASAH.
Materials and methods

Ethics statement
The retrospective clinical study was approved by the local ethics committee of the Goethe-University, Frankfurt am Main, Germany.
Patient population
Data of 1404 consecutive patients admitted from 1999 to 2012 with SAH to our Institution were retrospectively analyzed from our prospectively maintained neurovascular database. Patients with cerebral aneurysm or cranial vascular malformation (n = 1214) were excluded from the study.
We investigated the yield of clinical and radiological characteristics in 190 patients with subsequent diagnosis of spontaneous NASAH with headache as leading symptom, based on hemorrhage pattern on computer tomography (CT), or a positive lumbar puncture (LP), and no identifiable intracranial vascular pathology on cerebral digital subtraction angiography (DSA). All patients were stratified into PM-SAH and NPM-SAH (including patients with CTnegative/LP-positive SAH; see below for definition criteria) and registered for assessment of the complete spinal axis by standard MR-imaging (1,5 Tesla, and since 2004 3 Tesla MRI; see below for the MRI protocol) during their hospital stay.
Clinical and diagnostic management
According to a standardized SAH protocol according to international guidelines [17] all patients with SAH, diagnosed by SAH pattern, or confirmed by lumbar puncture, underwent cerebral digital subtraction angiography (DSA) to rule out intracranial vascular bleeding sources. Patients in whom the bleeding source was detected to be an aneurysm or vascular malformation were excluded from the study and treated by surgical or endovascular aneurysm occlusion based on an interdisciplinary consensus [2] . If absence of intracranial vascular pathology was confirmed by a neuroradiologist, patients received a 2 nd angiography regularly approximately 14 days to 60 days after the ictus. The timing of repeat DSA is still debatable. This was demonstrated in the study by Dalyai et al., in which the first repeat DSA after 7 days revealed 10 aneurysms, but a second repeat DSA after 6 weeks revealed another 7 patients with a vascular abnormality [6] . Nevertheless, it is difficult to draw any conclusions, as only a few studies have focused on the timing of repeat DSA. Given the vasospasm period and the chance of a thrombosed aneurysm, it is reasonable to perform a repeat DSA at least 10-14 days after the ictus [20] .
All patients without selective risk factors also received a cerebral/cervical MRI and additionally undergo MR-imaging of the complete spinal axis to detect a spinal bleeding source. Standard spinal MRI protocol included T2-and non-enhanced/ contrast enhanced T1-weighted images in biplanar orientation.
A PM-SAH was defined as the presence of subarachnoid blood in the cisterns around the midbrain with the center of the bleeding immediately anterior to the midbrain, with or without extension to the ambient and chiasmatic cisterns, horizontal part of the sylvian fissure and posterior horns of the lateral ventricles. Extensive intraventricular hemorrhage and intraparenchymal hemorrhage were exclusive of PM-SAH [21] . Patients with an aneurysmal SAH pattern, described as blood located in the interpeduncular cistern, as well as in the Sylvian cistern, interhemispheric cistern and convexity, or a negative computer tomography with a positive lumbar puncture, and negative digital subtraction angiography (DSA), were classified as NPM-SAH.
All patients were monitored for at least 14 days to rule out any delayed complications such as neurological deficits followed by cerebral vasospasm, vasospasm-based cerebral infarction, hydrocephalus and re-bleeding.
Statistical analysis
Data analyses were performed using the computer software package (IBM SPSS, version 22, IBM SPSS Inc.; Armonk, NY). Normal distributed variables were expressed as mean values with standard deviations (SD).
Results
Patient characteristics
Among 1404 patients suffering from non-traumatic SAH, who were admitted to the Department of Neurosurgery of Goethe University Hospital between 1999-2012, 1201 patients had an aneurysmal SAH in the first DSA and were excluded of the study.
Second DSA ruled out a bleeding source in 13 patients: anterior circulation aneurysms (n = 5); posterior circulation aneurysms (n = 5); AVM (n = 2); AV-fistula (n = 1).
After diagnostic workup, NASAH was diagnosed in one hundred ninety cases of 1404 SAH patients (14%). The mean age was 55,8 years and 40% was female.
Baseline characteristics were compared between PM and NPM-SAH. The initial CT investigation showed a PM-SAH pattern in 46% (n = 87). A NPM-SAH pattern was determined in 103 patients (54%). 23 NPM-SAH patients (22%) presented with negative computed tomographic scan were diagnosed by lumbar puncture.
Routine magnetic resonance imaging of the spinal axis was performed in patients with NASAH without any medical limitation factors. MRI findings were lumbar ependymoma in two patients (1,05%) (Table 1) . Overall, 99% of the patients (102/103) suffering from NPM-SAH complained of severe headache and 8% (n = 8) of low-back/sciatic pain. According to the distribution of subarachnoid blood 66% (n = 68) had a non-Fisher 3 pattern SAH (including Fisher 1, 2 and 4).
Both patients with lumbar ependymoma complained of headache and low-back/sciatic pain, and had a CT negative NPM-SAH on the initial CT scan with a xanthochromic cerebrospinal fluid (CSF) in the lumbar puncture. In both cases the ependymomas were located in the lumbar region. Both patients underwent resection of the spinal mass and histological diagnosis proved the presence of ependymomas (Table 2) .
According to our results, significant predictive criteria for finding a spinal origin of NPM-SAH are low-back/sciatic pain. Considering our achieved statistically data, the expected detection rate of a spinal origin in MRI of patients with NPM-SAH rises up due to following predictive factors: headache (n = 102; 2%), non-Fisher 3 pattern (n = 68; 3%), CT-negative SAH (n = 23; 9%) and low-back/sciatic pain (n = 8; 25%) (Fig 1) . Case illustration Patient 1. One of the two patients was a 37-year-old male, who complained of severe headache with a typical sudden onset. He also reported nausea, vomiting, and pain in both legs for a few days, before being referred to our department for further diagnosis and treatment. His mental status was normal. Neurological examination showed positive nuchal meningeal symptoms, and bilateral positive Lasegue sign. Acute SAH (Hunt & Hess grade II) was suspected and the performed computer tomography of the head was negative for blood. A lumbar puncture was positive proving xanthochromic CSF, positive lactate and abnormally high level of protein. DSA was performed without detection of bleeding source. MRI of the spinal axis showed a 3 cm intradural extramedullary mass at the level of L1-2 and further small lumbar and sacral lesions (Fig 2) . Surgical resection of the tumor of the filum terminale was performed and the histopathological examination of the specimen showed a hemorrhagic mixopapillary ependymoma (WHO grade I) [22] .
Patient 2. A-24-year-old man was admitted from another neurological department with suspected diagnosis of a SAH with ictus one week before. He presented severe progressive therapy-resistant headache starting from the neck and continuing "like a cold lightning" into the head, pain like "holes in the head" never suffered before since one week as the first symptom at onset, neck tensions, fever, severe cold, constant sickness, difficulties with equilibrium, eye pain during days, laboratory-defined infect constellation, formication (a tingling sensation under the skin) of the upper limbs, and in addition complained of leg pain on the left side. Three weeks prior to admission, patient has received the diagnosis of type 1 diabetes mellitus. Nine weeks previously, he underwent a laparoscopic knee operation under spinal anesthesia. He did not notice any motor or coordination impairment. Cognitive assessment was unremarkable; cranial nerves, motor and sensory examination was normal, except for a bilateral MRI of the spinal axis showed on the L1-2 level an intradural extramedullary tumor of the filum terminale, considered as the source of hemorrhage (Fig 3) . The patient underwent complete resection of the spinal mass. The histological examination of the tissue confirmed the diagnosis of a hemorrhagic mixopapillary ependymoma (WHO grade I).
Discussion
The vast majority of patients with SAH are found to have intracranial lesions, most often vascular pathology like aneurysms or arteriovenous malformations, and in other cases brain tumors, vasculitis or secondary to infarction [17] . Missing intracranial bleeding source is obvious in about 15% of all spontaneous subarachnoid hemorrhages [4] . SAH due to spinal cord masses like ependymomas, nerve sheet tumors, paragangliomas, hemangioblastomas, metastases or meningiomas, however, is a very rare entity. Low-back/sciatic pain and severe headache are often the leading clinical features [22] . In relation to SAH of spinal origin, ependymoma is the most frequent (60%) pathology [18] .
A literature review to investigate a spinal cause for NASAH from 1958 to 2006 presented 17 patients with spinal ependymoma and typical clinical features of SAH [22] . Since then, there are following case reports about 2 patients with spinal ependymoma as bleeding source [23, 24] . But most data have only small series of patients. Systematic reviews searching for a spinal origin of the hemorrhage, including both vascular malformations and tumors, are missing. Available studies do not present a reliable incidence for a spinal origin as bleeding source in case of NASAH and do not differentiate between different intracranial hemorrhage patterns [11, 12, 25, 26] , PM versus NPM (Fisher 3 versus non-Fisher 3) blood pattern, as an important diagnostic aspect. Another differential diagnosis to explain a symptom complex including negative CT-scan, positive lumbar puncture, negative vascular bleeding sources and typical clinical signs such as low/back pain is delayed intraspinal hemorrhage, which may occur in patients with traumatic brain injury. In particular, patients who have traumatic intracranial SAH or subdural hematoma (SDH) and present delayed pain or neurological deficits should be evaluated for spinal SAH or spinal SDH promptly, even when the patients had no history of direct spinal injury and had no apparent symptoms related to the spinal injury in the initial period of trauma [27] .
Due to economical restrictions and/or expedient use of MRI nowadays not every patient receives further diagnostic work-up [28] . This retrospective study assessed the yield of MRimaging of the complete spinal axis in 190 NASAH patients. The incidence of lumbar ependymoma was 1,05%. Both patients presented no hemorrhage on initial CT scans, positive lumbar punctures, negative angiograms, and low-back/sciatic pain.
In this study, the benefit of spinal imaging in the context of a SAH with negative cerebral angiography was only proved for a small subgroup of NASAH patients suffered from back pain/radicular symptoms. This aspect is therefore socioeconomically of great interest.
In four other studies, the incidence of a spinal origin in NASAH patients, including tumor or vascular malformation, was estimated to be in between 0,05 and 1%, but most data were assessed in series of less than 50 patients [12, 17, 25, 26] . Like in our series, in a recent study by Germans et al., a lumbar ependymoma was diagnosed as bleeding source (also with negative CT) in one of 97 patients with NASAH [23] .
German et al. published the newest study according yield of spinal imaging in NPM NASAH as a prospective, multicenter study, including 90 NASAH patients detecting a spinal origin of the bleeding in 4% of the patients: a lumbar ependymoma in 1 patient and a cervical cavernous malformation in 2 patients [29] . Although the study tried to concentrate on NASAH as a subgroup to judge the yield and clinical relevance of MRI of the spinal axis, it only concentrates on sex and age as predictive factors for patients suffering NASAH with a spinal origin as bleeding source. However, this study does not categorize further clinical and radiological risk factors as predictive guidelines in the diagnostic process of NASAH patients with a probably spinal origin as bleeding source.
Our patients with a spinal ependymoma as the origin of the hemorrhage were diagnosed by severe headache and a positive lumbar puncture through a corresponding proof of xanthochromic CSF. On the one hand, with a probably small and low pressure hemorrhage from their spinal lesion the SAH might not have caused any intracranial hemorrhage at all; and on the other hand, the absence of intracranial blood on the initial CT could be a result from a small undetectable amount or a washout of SAH caused by performing the CT several hours after the initial onset, particularly in the case of patient no. 2.
Obviously, a positive CT-scan in NASAH-patients is definitely not an excluding criteria for the following work-up to diagnose a spinal bleeding source. But how far MRI of the spinal axis might be significant, could be depending on other symptoms as parameters of an assistance guide. The expected detection rate of a spinal origin in MRI of patients with NPM-SAH rises up due to following parameters: headache (n = 102; 2%), non-Fisher 3 pattern (n = 68; 3%), CT-negative SAH (n = 23; 9%) and low-back/sciatic pain (n = 8; 25%), see also Fig 1. However, the absence of typical signs of SAH in patient no. 2 suffering of severe headache of progressive character without typical SAH signs, such as photophobia, vomiting, and meningism, has to be discussed as a limitation of our study. The important point, which has to be mentioned is the diagnosis of SAH despite the atypical character of the headache verifying through xanthochromic CSF, leading in combination with other symptoms, low/back pain and radiculopathy in this case, to a symptom oriented diagnostic work-up to detect a spinal origin as bleeding source.
As a standard diagnostic work-up protocol in case of NASAH without bleeding source in the first and second DSA, cerebral MRI, and non-specific clinical symptoms as guidelines, MRI of the spinal axis should certainly be performed to prove/exclude other possible bleeding sources. However, our study is a trial to create directives for diagnosis-and symptom-orientated work-up for selective radiological detection and to reduce the duration of hospital stay.
According to the clinical relevance of the findings in patients with CT-negative NPM-SAH, diagnosed by a positive lumbar puncture, and accompanying symptoms, such as low-back pain and radiculopathy, a work-up for spinal axis, beginning with lumbar spine, should be considered as a further investigation for SAH.
Conclusion
SAH caused by spinal pathology is very rare. According to this study, lumbar ependymoma has an incidence of 1,05% in NASAH. Routine radiological investigation of the spinal axis in every NASAH patient is therefore not recommended and should be done symptom-orientated. However, MR-imaging of the complete spinal axis in patients with a CT-negative NPM-SAH, positive lumbar puncture and leading clinical symptoms such as low-back/sciatic pain can be useful and reasonable to detect this rare entity of SAH. 
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